A study was conducted to evaluate the effects of utilisation of three leafy vegetable diets (bitter leaf Vernonia amygdalina, fluted pumpkin leaf Telfairia occidentalis and pawpaw leaf Carica papaya) on the growth performance of giant West African snail Archachatina marginata. A total of 90 A. marginata were used for the study. 30 snails were also subjected to three different dietary treatments in three replicates of 10 snails per replicate and fed with the fresh leaves of these vegetables over a period of 12 weeks. Results obtained recorded significant differences (P < 0.05) in terms of weight gain, shell length, shell circumference and shell thickness. On the whole, Archachatina marginata fed on fluted pumpkin leaf performed better in terms of mean weight gain when compared with those fed on bitter and pawpaw leaves. On the other hand, snails fed on pawpaw leaf had the best mean shell length gain, mean shell circumference and mean shell thickness when compared with those fed on bitter and fluted pumpkin leaves. The result clearly showed that the tested leafy vegetables can be successfully utilised as diets for rearing of A. marginata. For farmers to achieve better result, the inclusion of fluted pumpkin and pawpaw leaves in the diets of Archachatina marginata is highly recommended in snail rearing businesses.
Introduction
Low amount of animal proteins in the daily diets of Nigerians has been linked to the increased protein-related deficiency diseases in the country (FAO, 1986; Kehinde et al., 2002) . The current state of the Nigerian economy has not helped the situation; as the prices of conventional sources of animal proteins like beef, poultry etc. are beyond the reach of average Nigerian (Akegbejo and Akinnusi, 2000; Agbogidi and Okonta, 2011) . The quest to find alternative sources of animal proteins that are cheap, affordable and can compete 182 Amobi and Ezewudo Braz. J. Biol. Sci., 2019, Vol. 6, No. 12, p. 181-187. favourably in providing the needed nutrients found in the conventional animal proteins has gained a lot of attention in the research world of animal scientists. One of the animals that have garnered enormous research recently is snail.
Snail rearing, also known as heliculture, is seen as the avenue of bridging the protein deficiency bedeviling the country. This is because snail meat is found to be rich in protein, low in lipid and contains essential minerals like zinc, iron, calcium and magnesium (Orisawuyi, 1989; Ademolu et al., 2004) . Also, the shells are of economic importance as they can serve as a source of calcium and phosphorous in formulating animal diets and for ornamental uses (Baba and Adeleke, 2006; Houndonougbo et al., 2012) . Snail farming businesses have witnessed an astronomical growth in the country due to high costs of conventional animal proteins, the availability of the edible snails such as Limicolaria species, Archachatina marginata, Achatina achatina, Achatina fulia; high market demand both locally and internationally and improved technologies for their mass production (Amusan and Omidiji, 1998) .
The Giant West African snail is endemic to West Africa but can be found in other continents (Raut and Barker, 2002) . Unlike Achatina fulica and Achatina achatina that can lay up to 200-500 eggs per clutch (Raut and Barker 2002) ; A. marginata has a lower egg production rate and can lay up to 4-18 eggs per clutch (Omole and Kehinde, 2005) . Like other snails, A. marginata has voracious appetite and feeds on a wide range of crops, inflicting various degrees of damage to food crops and vegetables (Mead, 1979; Raut and Barker, 2002) at ferocious rate. It also serves as intermediate host of the rat lungworm parasites (Angiostrongylus cantonensis and A. costaricensis) that cause a human disease known as eosinophilic meningitis (Marquard et al., 2000 , CDC, 2018 .
The inclusion of Archachatina marginata in snail rearing businesses in Nigeria is linked to its massive size, good taste, high feeding plasticity of a wide range of available plant materials and detritus and utilisation in traditional healthcare (Olufokunbi et al., 1989; Agbelusi and Ejidike, 1992; Raut and Barker, 2002) . Surprisingly, the potentials of snail domestication and its mass production in Nigeria have not been fully exploited due to seasonal availability of snails and the scarcity of snail feeds that are nutritionally balanced and less cheap. It is found that giant West African snails are more active and productive during the rainy season but aestivate and remain dormant during the dry season, leading to its scarcity (Ejidike and Omisade, 2007) . Also, for a successful snail rearing business in Nigeria, there is need for availability of cheap and nutritionally balanced diets throughout the season.
However, given that information on the exact feed of plant origin that can boost snail farming businesses for commercial purposes has received little attention, the current study attempted to bridge the gap in knowledge on suitable common leafy vegetables and their nutritive properties that can be incorporated in the diets of snails for maximum result under intensive system.
Materials and methods

Study site
The study was conducted in a commercial snail farm located in Iyi-Enu, Ogidi town, in Idemili North Local Government Area, Anambra State, Nigeria. Ogidi lies in the tropical region experiencing an annual rainfall of 1,000 mm-1,500 mm with two seasonsthe dry and rainy season, and average annual temperature of 26.6 °C (Okafor, 2011) .
The farm had a total land area of 100 m 2 (10 m x 10 m). Each snail pen was housed in a roofed enclosure Braz. J. Biol. Sci., 2019, Vol. 6, No. 12, p. 181-187.
protected from direct rain and sunlight. The construction of the enclosure adopted the methods described by Cobbinah et al. (2008) . Each enclosure was padded with aluminum roofing sheets and ceiling boards. Also, trees were planted in the farm to provide further shade and wind actions.
Experimental procedure, leafy vegetables and snails
Archachatina marginata were purchased from the Ministry of Agriculture Awka, Anambra State, Nigeria, and transported to the farm in local baskets covered with banana leaves. Three different leafy vegetables [bitter leaf (Vernonia amygdalina), fluted pumpkin leaf (Telfairia occidentalis) and pawpaw leaf (Carica papaya)] were sourced fresh, served as diets for the snails and analysed for their proximate composition according to AOAC (2005) methodologies.
90 A. marginata individuals were used for the study. Prior to the feeding trial, the snails were acclimatised for two weeks, fed with maize chaff and water supplied in a closed system. 30 A. marginata specimen were subjected to each of the three experimental diets in three replicates of 10 snails per replicate. By adopting the stocking density as explained by Cobbinah et al. (2008) , each group of snails was placed in a mini paddock pen measuring 120 cm × 60 cm × 30 cm. The bedding was prepared with humus soil to a depth of 20 cm, sprinkled daily to keep it moist and avoid estivation of snails as a result of dryness and high temperature increase. In order to improve the dietary calcium requirement of the snails, each treatment received 50 g of ground egg shell which was applied in the bedding.
Data collection and statistical analysis
The growth performance of Archachatina marginata was determined by measuring the following parametersbody weight was taken with the aid of a sensitive weighing balance, shell length and circumference were measured using a veneer caliper. Shell thickness was ascertained using a micrometer screw gauge. The results obtained were subjected to analysis of variance (ANOVA) (SAS, 2001 ). Significant differences between means were separated using a post hoc test (Least Significant Difference) (SAS, 2001) .
Results
Proximate composition of tested vegetable diets Table 1 reveals the results of the proximate analysis of the tested vegetable diets. The results show higher dry matter and crude protein contents with lower crude fat and calcium concentrations in all the three tested vegetable diets. Highest dry matter was observed in bitter leaf while highest protein content was recorded in fluted pumpkin leaf. Pawpaw leaf had appreciable amounts of crude fibre, ash, crude fat and phosphorus compared to the other two experimental diets. Table 2 reveals that in all treatments there was a progressive increase in all growth parameters studied over time, recording significant statistical differences. There was statistical difference (P < 0.05) in the mean weight gain of Archachatina marginata subjected to each feeding treatment throughout the feeding trial. The results also show that A. marginata fed with fluted pumpkin leaf had the highest mean weight gain while the least gain was recorded for snails fed with bitter leaf. Also, significant differences were observed for mean shell length increase but snails fed with pawpaw leaf had the best mean shell length compared to the snails fed on the other leaves. The tested vegetable diets showed significant differences (P < 0.05) in shell circumference and in shell thickness with remarkable increases. 
Growth performance
Discussion
Proximate composition of tested vegetable diets
The study revealed that these tested vegetables contain appreciable amount of protein. This suggests that these vegetables could successfully serve as good dietary sources of protein. The crude protein contents of the experimental diets of 20.94%-23.08% slightly conform to other reports on the crude protein contents of these three tested vegetables. The protein content of bitter leaf in this study compares well to the 20.1% reported by Opega et al. (2016) . In fluted pumpkin leaf, the protein content recorded in this study slightly agrees to the 25.49% reported by Abu et al. (2014) , whereas the present crude protein content of pawpaw does not tally with the finding (33.4%) of Maisarah et al. (2014) . The variations in proximate composition could be a result of handling processes deployed during the proximate analyses. It could also relate to the fertility nature of the soils on which the plants were grown, since nutrient-rich soils beget plants with nutrient-rich leaves.
The high ash content of the three leafy vegetables shows that they contained required amount of minerals (Antia et al., 2006) needed by the snails.
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The presence of moderate concentrations of crude fibre in all diets shows that the diets would be easily assimilated in the digestive system of the snails. This is because presence of appreciable dietary fibre helps to improve bowel movement and assimilation of nutrients (Sizer and Whitney, 2003; Lunn and Buttriss, 2007) .
Growth performance
In Archachatina marginata, the varying effects of bitter, fluted pumpkin and pawpaw leaves on its growth performance recorded in this study conform to the results generated by Okonta and Agbogidi (2011) . These authors observed significant increases in mean weight gains when three vegetable feeds (Amaranmthus cruetus, Carica papaya and Talinum triangulare) where administered on two different species of snails; Achatina achatina and Archachatina marginata. On the contrary, the results of Mogbo et al. (2014) disagree with our results as they observed that Achatina fulica, a family member (Achatinidae) of Archachatina marginata fed with three different leaves, Moringa oleifera, Carica papaya and Talinum triangulare recorded no significant difference in the mean weight gain of the snail. That snails fed with fluted pumpkin leaf yielded the best result in terms of weight gain could relate to the high crude protein content of these leaves (Essien et al., 1992) , since protein promotes tissue growth and development. In addition, it was found that fluted pumpkin leaf was slightly more succulent, and probably more palatable and digestible than the other two leaves, hence this could be the reason why snails fed with fluted pumpkin recorded the best weight gain.
Also, significant differences were observed in both the mean shell length and shell circumference of snails fed on the three different leafy vegetables. Our findings are in line with the observations of Okonta and Agbogidi (2011) . These authors observed significant differences in both the mean shell length and circumference of Archachatina marginata fed with three different vegetable diets. The results also indicated that snails fed with pawpaw leaf recorded the best mean shell length and circumference. These suggest that pawpaw leaf may contain essential minerals like calcium, phosphorous, potassium, needed for the growth of the snails. The finding of Ayoola and Adeyeye (2010) also validate our results as they discovered high amount of calcium (8,612.50 mg/kg) and potassium (2,889 mg/kg) in pawpaw leaf.
Progressive increase in mean shell thickness was observed in all the snails exposed to the different experimental diets. The extra addition of ground egg shell as calcium supplement in the bedding might be the reason for the noticeable increase in shell thickness of the snails. Though, it was found that snails fed with pawpaw leaf recorded the best mean shell thickness. This could be related to appreciable phosphorous content (1.21%) and other minerals in pawpaw leaf compared to the other two leaves. It was found that high concentration of minerals such as calcium, iron and phosphorous in the shell of Achatina achatina improves its shell thickness (Ademolu et al., 2016) .
Conclusion
This study has revealed that the utilisation of leafy vegetables (bitter leaf, fluted pumpkin leaf, pawpaw leaf) in the dietary menus of A. marginata has varying effects on growth performance of A. marginata. Furthermore, this study also showed that snails fed with fluted pumpkin and pawpaw leaves recorded better growth performance than with bitter leaf. Therefore, inclusion of fluted pumpkin and pawpaw leaves in the diets of Archachatina marginata is highly recommended for optimum productivity in snail rearing businesses.
